1. Write a balanced equation for the reaction in which ClO2 is oxidized to ClO3- and MnO4- is reduced to MnO2 in acidic conditions (2.0 points)

ClO2  ClO3-

ClO2 + H2O  ClO3- (balance O using H2O)

ClO2 + H2O  ClO3- + 2H+ (balance H using H+)

ClO2 + H2O  ClO3- + 2H+ + e' (balance charge using e') (0.5 points)

MnO4-  MnO2 

MnO4-  MnO2 + 2H2O (balance O using H2O)

MnO4- + 4H+  MnO2 + 2H2O (balance H using H+)

MnO4- + 4H+ + 3e'  MnO2 + 2H2O (balance charge using e') (0.5 points)

Now combine by applying appropriate stoichiometry to balance number of e':

3 * {ClO2 + H2O  ClO3- + 2H+ + e'} 

MnO4- + 4H+ + 3e'  MnO2 + 2H2O

3ClO2 + 3H2O + MnO4- + 4H+ + 3e'  3ClO3- + 6H+ + 3e' + MnO2 + 2H2O

Cancel where possible:

3ClO2 + 13H2O + MnO4- + 4H+ + 3e'  3ClO3- + 26H+ + 3e' + MnO2 + 2H2O

3ClO2 + H2O + MnO4-  3ClO3- + 2H+ + MnO2 (1 point) 

2. Write a balanced equation for the reaction in which CrO42- is reduced to Cr(OH)3 and AsH3 is oxidized to As in basic conditions (2.0 points)

Note: we will balance as if in H+ and then neutralize with OH- for basic conditions

CrO42-  Cr(OH)3

CrO42-  Cr(OH)3 + H2O (balance O using H2O)

CrO42- + 5H+  Cr(OH)3 + H2O (balance H using H+)

CrO42- + 5H+ + 3e'  Cr(OH)3 + H2O (balance charge using e')

CrO42- + 5H+ + 3e' + 5OH-  Cr(OH)3 + H2O + 5OH- (neutralize H+ with OH-)

CrO42- + 45H2O + 3e'  Cr(OH)3 + H2O + 5OH- (cancel where possible)

CrO42- + 4H2O + 3e'  Cr(OH)3 + 5OH- (0.5 points)

AsH3  As (no need to balance O, so proceed with H+)

AsH3  As + 3H+ (balance H using H+)

AsH3  As + 3H+ + 3e' (balance charge using e')

AsH3 + 3OH-  As + 3H+ + 3OH- + 3e' (neutralize H+ with OH-) 

AsH3 + 3OH-  As + 3H2O + 3e' (no waters to cancel in this case) (0.5 points)

Now combine. Note that stoichiometry of electrons is balanced to start with.

CrO42- + 4H2O + 3e'  Cr(OH)3 + 5OH-

AsH3 + 3OH-  As + 3H2O + 3e'

CrO42- + 4H2O + 3e' + AsH3 + 3OH-  Cr(OH)3 + 5OH- + As + 3H2O + 3e'

Cancel where possible:

CrO42- + 14H2O + 3e' + AsH3 + 3OH-  Cr(OH)3 + 25OH- + As + 3H2O + 3e'

CrO42- + H2O + AsH3  Cr(OH)3 + 2OH- + As (1 point)
